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Problem: This unit overview is also available as a video here. 


This is our last unit of the course. Throughout this course, we have been 
progressing from more concrete concepts to more abstract. If you think 
back, we began with the concept of velocity, which people are familiar with 
from speedometers on their cars. Then, we move to the idea of force which 
people can physically feel, you can feel a push or pull, then we moved into 
“forces and...”, torque, impulse, work. These ideas are a little bit more 
abstract but rooted heavily in the idea of force. Energy is a bit more abstract 
of an idea, most people have some experience with energy from previous 
science courses, but trying to define what energy really is and getting used 
to thinking about it on a huge variety of distance scales can be a bit of a 
challenge. Now we are going to cover the one last idea of this course, which 
is yet still a little bit more abstract, this idea of entropy. 


So, why are we covering entropy? Well, I have two answers. First, a 
practical answer. Many of you have seen entropy in a previous class, 
typically chemistry. For example, here is a slide from Chem 112 at UMass, 
and many of you will see this idea again. Entropy changes can help 
determine if reactions proceed spontaneously or not, and appears in the all- 
important Gibbs free energy. Typically, up to this point, you’ve either done 
qualitative arguments about entropy increases or decreases, or looked up 
standard entropies of formation in tables, but what is this quantity that 
you’re using, in, say, Chem 112? Well, the typical answer in many courses 
that introduced the idea of entropy is disorder, but what is disorder? How do 
you quantify it? And disordered by whose perspective? Disorder, that’s a 
very nebulous idea. Who gets to decide what’s an ordered state and what’s a 
disordered state? And it turns out that this definition isn’t even correct, so I 


think that if you’re going to deal with the topic, as much as many of you 
will deal with the idea of entropy, you should know what it is. 


There’s another, second more physicist answer as to why I think we should 
cover entropy. In a sense the whole discipline of physics, not just this 
course, but the whole discipline of physics, from this course to the very 
frontiers of modern research can really be boiled down to a few key ideas. 


Forces and Newton’s laws, here written as Ap/At and Newton’s third law, 
energy and its conservation, and the last one is entropy. So, in this green 
box, we have the definition of entropy here and what’s known as the second 
law of thermodynamics. No matter how much physics you study, you’re 
still looking at how different objects respond to forces, how energy is 
conserved, what is the entropy in the system and how is it changing. Since 
forces, energy, and entropy are three of the fundamental pillars of physics, I 
feel it would be remiss to leave entropy out. 


So, what is entropy then? If it’s not disorder what is it? Well, let’s think 
about what is going on at the microscopic level. At the microscopic level, 
things are of course always changing. Molecules are moving around, 
chemical reactions are always proceeding, but many of these changes do 
not affect the microscopic picture. For example, from chemistry, when you 
add two reactants, the reaction never really stops, we just reach an 
equilibrium point where the number of reactions going in one direction 
equals the number of reactions going in the other direction. The molecules 
are constantly interacting with each other, forming bonds, dissociating 
bonds. At the microscopic picture, we have a hubbub of activity but at our 
macroscopic scale we don’t see a lot of change. So, what do I mean when 
we Say we don’t see a lot of change at the macroscopic level? We mean the 
total energy in the system, the pressure, if it’s a gas, the volume, all these 


types of quantities that are easily measured in macroscopic level. Entropy is 
the number of ways that I can rearrange things on the microscopic level, 
which we call the number of microstates, which we will indicate by a letter 
W (no, this is not the work W, this is a different W, conventions are 
conventions). So, how many ways can I rearrange things, how many 
different microstates, are there that don’t change the macroscopic world: 
that is what entropy is. So, it turns out that counting the number of ways 
energy can be distributed microscopically while leaving the macroscopic 
world unchanged has important implications, which is weird when you stop 
and think about it. I mean, the number of possible ways I can arrange things 
seems like a very theoretical construct, and to make matters more 
interesting, the numbers we’ |l be dealing with will be ginormous. 10 to the 
10 to the 23 is not a surprising number to deal with when you start talking 
about the number of ways to arrange energy amongst all the molecules in a 
room. These types of numbers start to appear. That is a one with a mole of 
zeros after it. That’s a big number. These huge and seemingly theoretical 
numbers are the basis of what entropy is. 


So, what do I want you to get out of this unit? I want you to have a 
beginning of a grasp of what entropy is and how we can quantify it. I want 
you to understand why some processes proceed spontaneously due to 
entropy considerations. And finally, I want you to understand how entropy 
can drive processes in a way that results in final states that might seem 
more ordered to us, but are in actuality an increase in the number of 
microstates when you consider the whole system. The following prep 
videos and reading and homework problems will lay the groundwork of 
some of the basic mathematics you will need to study this topic. This 
concludes this video. 


